INTRODUCTION
The Lake Ayr Valley is situated west of the Tasmanian Central Plateau ( fig. 1 ). It is a characteristic U-shaped glacial valley with altitudes of 850 m on the valley floor and over 1250 m on the edge of the Mount Oakleigh Plateau. The valley is located amongst some of the highest mountains in Tasmania, namely Mount Ossa (1617 m), Mount Pelion West (1554 m), Mount Pelion East (1400 m) and Mount Oakleigh (1280 m). Lake Ayr dominates the valley and drains to the west across Pelion Plains, discharging into the Forth River via Douglas Creek. Reedy Lake is a small lake at the eastern end of the valley, over the drainage divide from Lake Ayr, and drains eastwards into the Mersey Valley via Wurragara Creek ( fig. 2) .
The western part of the study area is underlain by Precambrian quartzite, mica schist and quartz mica schist, which form the basement rocks cropping out widely in the upper Forth Valley (Macleod et al. 1961) . These rocks are overlain by post-Carboniferous, horizontally bedded sedimentary rocks, predominantly sandstone and mudstone, belonging to the Parmeener Supergroup (Burrett & Martin 1989 , Macleod et al. 1961 . This sequence has been extensively faulted and intruded by transgressive sheets of Jurassic dolerite that now cap the mountains in the area. Outcrop of the Parmeener Supergroup sediments is largely hidden by a cover of Quaternary till, fluvioglacials and solifluction sediments.
This paper presents the results of detailed mapping of glacial features in the Lake Ayr region and provides insight into the style and speed of glacial retreat at the end of the Last Glaciation.
PREVIOUS RESEARCH
There is a long history of observations of glacial action on the Central Plateau and the surrounding areas. Johnston ( 1893) was the first to suggest that the Central Plateau could contain an ice cap of sufficient volume capable of supplying "its western alpine valleys with numerous ice streams or glaciers". Reid (1919) surmised that ice from the Central Plateau would have spilled into the Mersey and Forth Valleys. Montgomery (1893) observed roches moutonnees west of Pelion Plains near the present footbridge over Douglas Creek. Spry (1958) argued that the Mersey-Forth area was subject to both an ice cap and subsequent valley glaciation, and proposed that, during the ice-cap stage, the Forth Glacier reached at least to the present junction of Lemonthyme Creek and possibly as far as Lorinna ( fig. 1 ). Jennings (1959) and Macleod et al. (1961) , in detailed geological mapping of the area, recorded abundant glacial deposits in the Pelion Plains area on the interfluve between the Forth and Mersey Valleys. Derbyshire et al. (1965) rationalised the glacial history of Tasmania and produced the first comprehensive glacial map of Tasmania. They identified moraines in the Lake Ayr Valley and proposed an ice limit at the western end of the valley. Paterson (1965 Paterson ( , 1966 and Derbyshire & Peterson (1971) emphasised the importance of sediments in the reconstruction of the glacial history of the Central Plateau region and obtained the first certain evidence for multiple glaciation in the Mersey and Forth Valleys during the HEC construction work for the Mersey-Forth Power Scheme, when extensive drilling and site works exposed considerable glacial sediment.
Several authors have since established three glacial events in the Mersey Valley (Kiernan 1983 , Hannan & Colhoun 1987 , Hannan 1989 . Kiernan & Hannan (1991) have provided reconnaissance data for the Lake Ayr region and established four episodes of glaciation in the Forth Valley. I r" -Height Contours (m) \ .: (Hannan 1989) . Evidence for this can be found in the creek between Bishop Peak and Dean Bluff, where till outcrops occur at 900 m, with the scree limit on the side of Dean Bluff between 1000 m and 1100 m (Hannan 1989 ) ( fig. 1 ). Across the valley, on the eastern flank ofMt Pelion East, an arcuate lateral moraine is visible at 1000 m altitude. This moraine can be traced northwards intermittently and eventually loops around as a latero-terminal moraine west of Lake Ayr. On this evidence, it can be deduced that the surface of the Mersey Glacier was at c. 1000 m, giving an ice thickness in the Lees Paddocks area of about 400 m. At the eastern end of the Lake Ayr Valley, ice would only have been about 160 m thick. Given that the westward gradient of the valley is small and that this ice did not penetrate through into the Forth glacial system but ended in a diffiuent lobe, it is not surprising that erosional features are not in evidence from what would have been relatively inactive ice. This condition would have been ideal for the deposition of the large number of moraines found in the Lake Ayr Valley.
Glacial Depositional Features
Terminal, lateral and recessional moraines are observable in the area. These vary in height from a few metres to over 20 m ( fig. 3 ), the largest being the latero-terminal moraines on the northern and southern sides of the valley. The increase in size of these moraines to the west suggests that the glacial system was at its maximum extent for a considerable period of time. In contrast, the large number of smaller recessional moraines suggest that there was rapid retreat once deglaciation commenced. The central portion of the terminal moraine is not present at the western end and, presumably, has been removed by meltwater erosion as the glacier retreated.
From the middle of the valley towards Mount Pelion East to the south, there are numerous prominent, arcuate moraine ridges, which appear to be arranged in steps. These are found to be replicated northwards towards the Oakleigh Plateau but, because of a steeper slope, are less obvious. On the southern side of the valley, they have the appearance of terraces on the edge of Mount Pelion East, and south of Reedy Lake detailed mapping revealed six levels, but more could be obscured in the dense vegetation.
The moraines in the valley are similar to other moraines in the Mersey Glacial system, in that they are smaller than others of similar age found elsewhere in the state (Hannan 1989) . The West Coast Range moraines vary from 100-300 m, those in the Arthur Range are c. 100 m and in the Snowy Range c. 60 m in height (Colhoun 1985) . This size difference occurs because the Lake Ayr glacial lobe was much less dynamic than the outlet glaciers from these other areas, with a corresponding reduction in erosion and, hence, transportation and deposition. The lack of dynamism has already been mentioned above but can be largely attributed to the fact that the lobe did not penetrate into the Forth System, due to lack of ice thickness above the valley step that separates the Mersey Valley from the Reedy Lake area. As a consequence, erosion was minimal in the flat-floored Lake Ayr Valley.
Glacial Erosional Features
It is likely that the Last Glaciation in this region did not radically change the landscape, and glaciers of this age probably followed pre-existing glaciated valleys. Very few erosional features associated with the Last Glaciation can be detected in the Lake Ayr Valley, because of the density of vegetation and extensive Quaternary sediment cover.
Meltwater channels are the most common glaciofluvial erosional feature of the area and can usually be observed alongside moraines, where deflection of pre-existing channels has occurred (e.g. Stockyard Creek - fig. 3 ). The outlet creek from Lake Ayr was formed in the retreat phase of the Last Glaciation and was originally fed by a proglacial lake. Extensive volumes of meltwater would have caused down-cutting by this creek through the moraines at the western end of the lake. Douglas Creek discharge would have been considerably higher in glacial times and, as a result, it cuts deeply into the quartzite bedrock west of Pelion Plains before draining into the Forth Valley. Figure 4 shows a schematic profile along the central axis of the Lake Ayr Valley, and west of Lake Ayr the valley floor rises before descending into the Forth Valley. This rise is due to the resistant quartzite/schist bedrock, as well as a mantling of morainic material, and indicates the extensive downcutting achieved by Douglas Creek. This deep erosion into the bedrock is undoubtedly partly relict from older glaciations. Last Glacial age meltwater passed through this channel and, at the very least, incised through the morainic material upstream. Dolerite erratics and quartzite roches moutonnees can be found west of Pelion Plains. These features are likely to be associated with the Penultimate Glaciation, as striations are not visible on the surfaces of the roches moutonnees. Presumably they have been removed by weathering. Weathering rinds on dolerite boulders in the surrounding ground moraine exceed 5 mm in average thickness, which suggests a Penultimate Glacial age.
The high mountains surrounding the area (Mount Pelion East, Mount Oakleigh, Mount Pillinger and Mount Ossa) were nunataks during the Last Glacial maximum. All were subjected to periglacial conditions for a significant period of time, and distinct evidence of this remains in the form of steep, mantling scree slopes. 
LAST GLACIAL MAXIMUM
The maximum extent of Last Glaciation ice in the Lake has ramific8tions in the ice budget of the Glacier. The main point to clarifY is whether the ice through the Lake to the Forth system. Field mapping has five Jines of evidence to show that ice from the Mersey Glacier did not reach the Forth Glacier at this time. These lines of evidence are as follows.
(1) Figure 3 shows the relationship of terminal, latero· terminal, lateral and recessional moraines in the Lake Valley. The latero··terminal moraine system dearly indicates the maximum extent of the Lake Ayr lobe during the Last Glaciation. An outwash plain commences immediately west of the terminal moraine and forms a parr of Pelion Plains which is criss-crossed with relict meltwater channels. Sediment cores taken from the plains west of Lake Ayr, show a continuous peat cover of over 2 m on top of rhythmites (e.g. 55GDP 198699) . Along the creek there are extensive scree on both sides of the valley. Their presence suggests that glacial ice did not reach lhis point, as it would undoubtedly have removed the scree. The position of the creek is sufficiently low in altitude to have filled with last glacial ice had it flowed towards the Forth Valley. There is insufficient time for these thick screes to develop since the Last Glaciation because of the resistant nature of quartzite. They must have formed after the Penultimate Glacial maximum and beyond the maximum limits oflast glacial ice. Similar dolerite screes can be found on the sides of the Mount Oakleigh Plateau and Mount Pelion East, above the main latera-terminal moraine of the last glacial lobe in the LakeAyr Valley. Similarly, these are likely to have developed beyond the maximum limits oflast glacial ice and temporally after the maximum of the Penultimate Glaciation. (5) Further evidence which suggests that Last Glacial age ice did not flow into the Forth Valley via the Lake Ayr Valley is the difference in extent of the Forth and Mersey Glaciers during the Last and Penultimate Glaciations. During the Penultimate Glaciation, the maximum extent of the glacial ice in the Forth Valley is dose to Borradaile Hill ( fig. 1) 
DEGLACIATION OF THE LAKE AYR VALLEY
Iv10raines are the most common glacial landform in the Lake Ayr Valley, and their shape, position and height allow speculation about the nature of the glacial retreat. Figure 3 shows suggested retreat stages in the Lake Ayr Valley. The main latero-terminal moraine (Ml) is the highest moraine in the valley and suggests that the Lake Ayt glacial lobe maintained its maximum position for a reasonable period of time. ± 280 yrs BP may not define the time of ice retreat but it gives a minimum age for ice retreat from the Lake Vallejo The recessional moraines (Rl~R7) are relatively close to each other and only a metre or two high, The regular nature of these moraines and their size suggests a fairly rapid and constant retreat. The low gradient of the valley and the limited ice thickness would have contributed to a rapid retreat, as a small decrease in ice volume in the main MeIsey Glacier would have given a relatively larger reduction in the Lake Ayr ice volume, It is assumed that the moraine sequence from i'v1] to R7 becomes progressively younger, as there is no evidence to suggest any re-advance of the lobe.
Meltwater would have been considerable at the commencement of deglaciation and was responsible for the deep erosion into moraine M2 and some of the incision of Douglas Creek into the quartzite/schist bedrock near Old Pelion Hut. In the later stages of deglaciation meltwater would have flowed towards the glacier and been responsible for the confused pattern of the moraines R6 and Rr
CONCLUSION
In the Mersey-Forth area, there is no dear local evidence which defines the onset of glaciation, In other parts of the state, this has been estimated at c. 25 000 yrs BP (Colhoun & van de Geer 1986), During the Last Glacial Maximum (c. 18000 years ago) the Lake Ayr Valley was glaciated by a diffluent lobe of the Mersey Glacier, The Mersey glacial system, however, was not extensive enough for ice to penetrate through the Lake Ayr Valley to join the Forth Valley glacial system, as had occurred in earlier glacial episodes, Field work in the Lake Ayr Valley has revealed several lines of evidence to suggest that glacial ice during the Last Glaciation did not reach the Forth Valley, The most compelling evidence is the positioning ofthe moraines and the outwash plain, which were deposited by the glacial lobe. The lateral moraines in the Mersey Valley (at c. 1000 m a,s.L, Hannan 1989) have equi-valent moraines in the Lake Ayr Valley, These occur at the same height at the eastern end of the valley, but slowly decrease in height westwards until they meet the valley floor west of Lake Ayr ( fig. 3) 
